In this note some geometrical problems in the traditional mathematics in Aomori, Japan are introduced. A new result inspired by the classical problems is also presented.
Mathematical study in Japan before the Meiji restoration
The foundation of modern mathematical study in Japan was laid by Dairoku Kikuchi (1855 Kikuchi ( -1917 . He graduated from the university of Cambridge and introduced modern mathematics to Japan. European-American style arithmetics or mathematics became a formal subject of schools in Japan. The period 1603-1868 was the golden age of Japanese traditional mathematics. Mikami's [9] described the contributions of representative mathematicians T. Seki (1642?-1708) and K. Takebe(1664-1739) in the golden age. Theirmathematical works were performed in the central city of Japan, Edo (Tokyo). Fukagawa and Pedoe [3] studied many mathematical tablets on which geometrical problems in the age were exhibited (cf. [4, 10] ). An area problem on a mathematical tablet dedicated to Atsuta Shrine in Nagoya was solved by using an infinite series in 1844 (cf. [7] ). A modern method to solve this problem depends on a hyperelliptic integral. You may recognize the top level of the traditional mathematics in Japan by these problems. In this note, we introduce some mathematical works performed in the Aomori prefecture during 1603-1892.
A temple geometry in the Aomori prefecture
The Aomori prefecture lies at the north end of Honshu (the biggest island of Japan). In 1939, Yoshichiro Haga found some mathematical documents at Hachinohe city in the Aomori prefecture. The documents were written by students of a mathematical school at Hachinohe city in nearly 1750. The contents of the documents were studied by Y. Haga and H. Kuwabara [8] . In 1949, Hirosaki University was founded. Professor Haga studied the history of science at this university. The authors of this note are studying mathematics at Hirosaki University. The aim of this paper is the introduction of the mathematical works in the Aomori prefecture during the Edo period 1603-1868 and the early times of the Imperial Japan, about 1870-1890.
In [8] Kuwabara studied the documents written by students of the Hachinohe mathematical school founded by Shinpou-Egen (1657-1753). Shinpou was a Buddist priest and studied mathematics in Edo. He found regular dodecahedron and icosahedron by himself. He studied properties of these polyhedrons.
In 1979 Kuwabara dedicated a mathematical tablet to a temple in Hachinohe celebrating Shinpou's works. In the tablet Kuwabara asked the following question and provided the answer. Suppose that S is a sphere x 2 +y 2 +z 2 = 6 2 . We consider a projection Π : (x, y, z) → ( 6x
x 2 + y 2 + z 2 , 6z
of R 3 \{(0, 0, 0)} onto the sphere S. Suppose that a regular dodecahedron D and a regular icosahedron Ico are inscribed to the sphere. Find the length of Π(E D ) and the length of Π(E Ico ) where E D is an edge of D and E Ico is an edge of Ico. Kuwabara gave the answer
Probably Kuwabara may have known that the original description by Shinpou's student contained an eror. Shinpou's student Mitsusada Okumura asked the following question and gave his wrong answer in 1748.
Suppose that D is a regular dodecahedron with an edge E D of length 35. Find the diameter 2r of the sphere circumscribed to D. We know that
This value satisfies the quartic equation
where 11025 = 9 × 35 2 , 13505625 = 9 × 35 4 . Okumura wrongly gave the value 96.34673443 (cf. [8] , pages 13, 84-85). He described the quartic equation
or equivalently,
to get the value, where 9800 = 8 × 35 2 , 4802000 = 16 × 5 3 × 7 4 . But the authors can not decode Okumura's process. His value 96.34673443 is a correct numerical solution of the equation (2.2). In [6] the second author of this note and T. Kimura analyzed Kepler's models of planetary orbits. Kepler's ideas were deeply related with the 5 regular polyhedrons. In [5] Kepler mentioned that the length of a regular dodecahedron inscribed to a sphere with radius 1000 is 714. He would know the fact
by a commentary on Euclid's "Elements of Geometry" published in 1566. In 1830, a Japanese mathematician Sadakazu Ikeda computed the volumes of the regular dodecahedron and icosahedron with an edge of length a as
respectively( [4] ). You can meet some beautiful works in Japanese temple geometry in [10] . The authors guess that the tablet of Kuwabara indirectly suggests an incomplete character of the works of Shinpou's students at least in the solid geometry. It remains some possibility that the decoding of Okumura's equation correct his errors.
After the Meiji restoration, some people in the Aomori prefecture studied mathematics in the traditional style. You can find a mathematical tablet in the Aomori prefectural Folk museum (1973-). In 1892, a tablet was dedicated by Yuisuke Kamiyama to a local temple in Hachinohe celebrating his grand father's mathematical works. His grand father was a student of Shinpou's school. Kamiyama asked 3 questions and gave the answers. The questions are rather elementary. The contents of the tablet were analyzed by H. Fukagawa at a lecture for the staffs of the folk museum. Kamiyama treated a typical plane geometry problem in his second question.
We shall consider a semi-circle {(b cos θ, b sin θ) : 0 ≤ θ ≤ π} in the x − y plane. Let A = (−b, 0), B = (b, 0), O = (0, 0). We consider a point P = (b cos φ, b sin φ) for some 0 < φ < π. Denote by a the length of the chord AP . Denote by r the radius of the circle inscribed to the triangle OBP . Denote by R the radius of the circle which is inscribed to the semi-circle and is tangent to OB and OP . Kamiyama ased you to express r by using a, b and R. Kamiyama gave the right answer r = (R/2) × (a/b). 
Figure1
In the first question, Kamiyama treated algebraic equations. Suppose that R is a rectangular solid with height z, width x and depth y. We assume that the volume V of R is 140 and x + y = 9, z = y + 2. You shall answer the respective values of x, y, z. We get a cubic equation 
A modern question inspired by a classical model
J. Kepler considered that the ratio r = r J /r S for the radius r J of the orbit of Jupiter and the radius r S of the orbit of Saturn was expressed as r I /r C by the radius r C of the circumscribed sphere of a cube and the radius r I of the inscribed sphere of the cube, that is, r I /r C = 1/ √ 3. He supposed that the number of planets, Mercury, Venus, Earth, Mars, Jupiter, Saturn were related with the 5 regular polyhedrons. The authors wonder if mysterious characters of regular polyhedrons might have attracted Shinpou's attention. Firstly Kepler considered a plane model. He considered a family of regular polygons inscribed to a circle. The envelop of the family of polygons is also a circle. This system make us call Poncelet's closure theorem. Recently the second author of this note has found a new Poncelet curve (cf. [1] , [2] ).
For a fixed real number −1 < a < 1, a = 0. We consider an upper triangular 4 × 4 contraction A = (a ij ) 4 i,j=1 with a 11 = a 22 = a 33 = a 44 = a, a 12 = a 23 = a 34 = 1 − a 2 , a 13 = a 24 = −a(1 − a 2 ), a 14 = a 2 (1 − a 2 ). We also consider its 1-parameter family of 5 × 5 unitary dilations
1) where λ is an arbitrary complex number with |λ| = 1. We consider the numerical range W (U (λ)) of the 5 × 5 unitary matrices U (λ) defined by
Then the range W (U (λ)) is a closed convex set with vertices P j (λ) = exp(iθ j (λ)) for which
We consider the intersection of the two lines P j (λ)P j+1 (λ) and P j+2 (λ)P j+3 (λ) ( j = 1, 2, 3, 4, 5) where we use the convention: P 6 (λ) = P 1 (λ), P 7 (λ) = P 2 (λ), P 8 (λ) = P 3 (λ). The 5 intersections form a closed curve C when λ varies on the unit circle. This curve and the boundary of the numerical range
form a new Poncelet pair. We ask you to compute the equation of the curve C in the case a = 1/8. Here we shall provide the defining polynomial P (x, y), that is, C : P (x, y) = 0. It is given by 
